The paper presents results of the inventory of localities of Scandix pecten-veneris L. in the Małopolska Upland conducted after 2000. The existing population resources were estimated and current distribution of the species in the Małopolska Upland and Poland was showed. Some threats to this species as well as conservation prospects were discussed.
Introduction
Scandix pecten-veneris L. has a status of an archaeophyte in Polish flora. It is a plant of MediterraneanIrano-Turanian origin (Zając 1987) which, as a weed, spread its range, among others, to Central Europe. Meusel et al. (1965) classed it as a Mediterranean-IranoTuranian-Central-European connecting element. Parts of the eastern and northern limit of its secondary range are placed in Poland (Hultén & Fries 1986; Zając et al. 2014) .
The species was recorded mainly in southern part of Poland -in the Małopolska, Lublin and SilesianKraków Uplands. Solitary localities from north and north-west Poland are considered as historical (Zając et al. 2014) . The largest numbers of the Polish localities of the species come from the Małopolska Upland. They are concentrated in center (limestone part of the Świętokrzyskie Mountains and the Przedbórz-Małogoszcz Range) and south (the Nida Basin) of the Upland. Most of known localities from the southern part of the Małopolska Upland were recorded in 1950s and 1960s. These data were the result of intensive studies conducted by botanists from the neighbouring Kraków research center. In 1970s and 1980s, several papers were published on synanthropic (principally segetal) flora of central part of the Małopolska Upland -in broadly understood Kielce region (Wnuk 1972 (Wnuk , 1978 Fijałkowski & Cieśliński 1975; Dominiak & Moćko 1980; Głazek et al. 1986 Głazek et al. -1987 Maciejczak 1988) . Fourteen localities of S. pecten-veneris were listed by Wnuk (1972 Wnuk ( , 1978 in the Przedbórz-Małogoszcz Range. Dominia k & Moćko (1980) reported its occurrence in the Świętokrzyskie Mountains. Głazek et al. (1986 Głazek et al. ( -1987 investigated distribution of selected species of segetal weeds in Kielce and Tarnobrzeg regions. According to them, S. pectenveneris was a frequent (!) archeophyte with 97 localities in the area of study. These authors indicated Pińczów Hummock, Szydłów Foothill and south, limestone part of the Świętokrzyskie Mountains as areas with the highest density of its stations. More recent studies (Nobis et al. 2007 ) carried out in the southern part of the Małopolska Upland (Nida Basin) showed that a vast majority of those localities became extinct (only several were confirmed).
S. pecten-veneris, as other segetal species from the Caucalido-Scandicetum association, has been in decline recently. Populations observed after 1980s are small, usually consisting of several individuals. The species decreased as a result of modern agricultural methods This work shows the results of analyses of the existing population resources and current distribution of S. pecten-veneris in the Małopolska Upland. The previously known localities from the Małopolska Upland, both confirmed and not evidenced, as well as newly found during the field research are presented. These results are a contribution to the research that should be conducted also in other regions to gain a comprehensive knowledge of the distribution and population resources of S. pecten-veneris in Central Europe in times of widespread weed extinction.
Material and methods
The field inventory of S. pecten-veneris population was made during a general phytogeographical study which was conducted in the central part of the Małopolska Upland: in the Świętokrzyskie Mountains (in 2010-2014) , in the SE edge of Przebórz-Małogoszcz Range (2008 -2010 . Floristic data were collected in plots -squares of 2.5 km side, which were determined on the basis of the ATPOL grid system (Zając 1978) . Locations of the registered stations were set using a GPS receiver. Units of regionalization of Poland follow Kondracki (2002) . At each locality, the population size was estimated by counting flowering or fruiting individuals.
Localities of S. pecten-veneris known from literature were selected and located in the ATPOL grid system units (squares of 2.5 km side), if possible. The herbarium collections of the species were also taken into account. (1986) (1987) of 2.5 km side, and in Poland -of 10 km side. In the ATPOL grid system, capital letters designate 100-km squares and the first two digits indicate 10-km squares and two further ones -2.5-km squares (Zając 1978).
Results
On the basis of the collected data, a list of localities of S. pecten-veneris (Appendix 1) in the area of the Małopolska Upland was drawn up. As available literature indicates, the species was listed in over 60 stations located in 57 cartogram units of 2.5 km side in the Małopolska Upland. Only 10 of them were confirmed during field research conducted after 2000 (Table 1) . Moreover, there were two new localities found in 2014.
Based on the available data, distribution maps of S. pecten-veneris in Poland (Fig. 1 ) and in the Małopolska Upland (Fig. 2) were prepared and distinction was made between historical and currently occurring localities. Updated maps also contain published data, which was not listed in the ATPOL database ( Table 2) .
The observed populations usually ranged from a few to several individuals. However, in localities near the villages of Wola Zagojska Dolna (Nida Basin) and Gałęzice (the Świętokrzyskie Mts.), the species grew abundantly (populations consisted of several hundred individuals).
Discussion
Results support earlier observations that Polish localities of S. pecten-veneris are concentrated in the Małopolska Upland. Considering that the published data on the species was not confirmed in Lublin region during research in 2005 -2010 (Haliniarz & Kapeluszny 2014 , in Gdańsk Pomerania (Markowski & Buliński 2004) and Western Pomerania and Greater Poland (Żukowski & Jackowiak 1995; Jackowiak et al. 2007) , reports of new localities in the Małopolska Upland are all the more important. The Świętokrzyskie Mts. and Nida Basin are the only subregions in the Małopolska Upland, where S. pecten-veneris localities were confirmed after 2000. The species was not reported from the area of south-eastern part of the Przedbórz-Małogoszcz Range (Łazarski 2011). Localities based on literature data (Wnuk 1972 (Wnuk , 1978 in the rest of this area need confirmation. . Introduction to cultivation of new, more competitive, high-yielding varieties of cereals also became a serious threat to rare archaeophytes. High-yielding crops in conjunction with the use of mineral fertilizers caused greater crop densities which, afterwards, affected the increase of shadow in lower cultivation layers (Wilson 2006) . This resulted in species of poor competitors for light, such as S. pecten-veneris, to disappear from habitat. In experimental studies, species richness and weed growth were significantly reduced in the fertilized cultivation, which was associated with restricted light penetration (Kleijn & van der Voort 1997). All these factors led to uniformity of land use hazardous for biodiversity.
Recently, attention is drawn to consequences of climate change for frequency of occurrence of rare arable weed species. Experimental research showed that negative effects of the use of modern agricultural practices on segetal weed species can be more intensive in conjunction with climate changes. Under warmer and dryer conditions, S. pecten-veneris flowered earlier and for shorter time and, finally, produced fewer shoots and seeds at harvesting time (lower generative production). These changes in climatic conditions are neutral or even advantageous for weeds species, but only under nutrient-poor soil (so not under current agricultures practices). Nowadays, agricultural management provides no limiting nutrient conditions in which S. pecten-veneris is low competitive (retained nutrients provide no advantage). Similar effects are caused by a high density of crops (which is a result of fertilization and sowing high-yielding varieties of cereals). Seed output of the S. pecten-veneris is lower in dense crops. Probably, it is the result of increased shading caused by high crop density (Peters & Gerowitt 2014); moreover, S. pecten-veneris requires large gaps in vegetation for seedling formation (Wilson 2006) .
It is considered that most rare weed species exhibit specific trait syndromes. Among these traits, S. pectenveneris has, for example, low height, poor competitive ability, large seeds, poor seed dispersal, easy seed cleaning, relatively short-lived seed-bank (Storkey 2006; Wilson 2006; Lososová et al. 2008) . Most of these traits are disadvantageous under conditions created by modern agricultural practices. Earier-mentioned life history traits of S. pecten-veneris reflect its low phenotypic plasticity (Peters & Gerowitt 2014).
Conservation prospects
The best chance to save or regenerate weed fields with their "natural" combination of species is to establish areas (maybe, as agricultural reserves or within protected areas whose aim could be to take care of the preservation of landscape specificity) where traditional, extensive cultivation would be carried out. At the same time, in areas with endangered weed species, a system of subsidies to farmers for maintaining traditional methods of cultivation should be implemented (Nobis et al. 2007 ). Additionally, rare weeds should be grown, for example, in open-air museums, botanical gardens and other research institutions. They could be a resource of specimens for introduction into substitute habitats (Zając & Zając 2014) . Diaspores of species, collected in different regions, should be deposited in seed banks.
Moreover, to assist protection of rare weed species, it is important to apply herbicides that are highly specific to aggressive weed species and to create unsprayed conservation headlands and field margins. Conservation of headlands and field margins could be a method of providing a refuge for endangered arable weeds (de Snoo 1994; Kleijn & van der Voort 1997).
Conclusions

S. pecten-veneris still remains in the Małopolska
Upland mainly in small, declining populations. From among about 60 localities of this species published up to 2000, only about 15% were confirmed in this study. Only populations in Gałęzice and Wola Zagojska Dolna villages were numerous with more than one hundred individuals. Others contained a dozen or so specimens (in Milechowy village) and most of them with few individuals. While agriculture in Poland underwent a deep process of modernization, the risk of extinction of S. pecten-veneris is high and its gradual disappearance from arable fields is probably inescapable.
Because of high specialization, S. pecten-veneris is restricted to Caucalido-Scandicetum association. This weed species is competitive only under nutrient-poor, calcareous soils and in crops of low density. Due to its low phenotypic plasticity, the species is less buffered against changes which take place in agricultural practices (Fried et al. 2010; Peters & Gerowitt 2014) . In order to save S. pecten-veneris, apart from promotion of traditional cultivation methods on calcareous soils in selected areas, it is also necessary to start ex situ cultivation and gather diaspores in seed banks. Conservation of headlands and field margins may provide a refuge for endangered segetal weeds.
